Abstract -Cytogenetic and molecular study was performed in 10 tetraploid cotton cultivars (Gossypium hirsutum L.) including parental genotypes and their F1 progenies. Cytogenetic study showed 2n = 4x = 56 in parental genotypes which differed signifi cantly in their chiasma frequency and distribution as well as chromosome pairing indicating their genetic differences. Adjacent and alternate quadrivalents were formed in the cultivars studied which in turn bring about new genetic recombination and genetic linkages in the progenies. Out of 30 primers used 22 primers produced reproducible bands. In total 387 bands (loci) were obtained out of which 178 bands were polymorph and only 209 bands were common in cotton cultivars studied. Some of the cultivars showed presence of specifi c bands while, some bands were present in all except one genotype. Some bands were absent in the parental genotypes but present only in their hybrids, whereas some bands occurred in the parental genotypes but absent in their hybrid, all these indicate genetic diffrences of the cultivars studied which is also supported by clustering of the cultivars based on cytogenetic and RAPD data.
INTRODUCTION
Cotton is an important economic and fi ber crop, grown in 70 countries in the world. Over 180 million people are associated with the fi ber industry that produces 20 to 30 billion dollars worth of raw cotton. Both diploid (Gossypium herbaceum) and tetraploid (G. hirsutum) cultivars are cultivated in different regions of Iran and are considered as important crop plants of the country. Although great progress has been made in the fi eld of improvement of cotton with conventional breeding methodology, it is timeconsuming and commercialization of new cotton varieties often takes 6 to 10 years. Compatibility limitations narrow the gene pool available for this process (ZHANG et al. 2000) .
Tetraploid cotton (Gossypium hirsutum) with the genome constitution 2 (AD) 1 (2n = 52) along with G. barbadense dominate the world cotton production. The genomes of G. hirsutum individually are referred to as A h and D h and their chromosomes as H1-H13 and H14-H26, respectively (MENZEL and BROWN 1978) .
Germplasm diversity is of concern to breeders, as it should be to producers. Breeders rely on genetic variation between parents to create unique gene combinations necessary for new superior cultivars. Extensive use of closely-related cultivars by producers could result in vulnerability to pests and diseases. The importance of genetic diversity to crop vulnerability is widely recognized ( VAN ESBROECK and BOWMAN 1998) . Cotton is considered as one of the most impor-tant crop plants in Iran, cultivated in various regions of the country. Continuous cultivation of the same genotypes may bring about genetic erosion in the long term; therefore study of the available genetic variability as well as introducing the new ones is of importance.
Cytogenetic and RAPD molecular markers have been used for revealing genetic diversity among the cultivars and genotypes in crop plants including cotton (MENZEL and BROWN 1978; KU-MAR et al. 2003; VAFAIE-TABAR et al. 2003; MEHE-TRE et al. 2004) . Moreover, genetic analysis using DNA markers have been used to reveal genetic bases of both qualitative and quantitative traits in different crop plants including cotton (SAHA et al. 1998) . These DNA markers have advantage over morphological traits as they are polymorph with no pleiotropic or epistatic effects and are not affected by environmental conditions; thereby used to exploit the available cotton gene pools and enhance germplasm resources (CANTRELL et al. 1999) .
Our earlier cytogenetic studies on cotton considered karyotypic as well as meiotic analysis of some gamma irradiated cotton cultivars and their hybrids (SHEIDAI and KOOBAZ 2003; SHEIDAI et al. 2004; SHEIDAI and DEZFULIAN 2008) , as well as RAPD analysis of cotton somaclones (SHEIDAI et al. 2007a; 2007b; . However, the present report considers cytogenetic and molecular diversity of cotton cultivars and their F1 hybrids not studied before by us.
MATERIALS AND METHODS
Plant materials -Ten tetraploid cotton cultivars (Gossypium hirsutum) including four cotton parental genotypes namely Tabladilla, Siokra, Sahel and Nazilli and their hybrids i.e. Sahel X Siokra, Siokra X Nazilli, Sahel X Nazilli, Sahel X Tabladilla, Siokra X Tabladilla and Nazilli X Tabladilla were cultivated in three rows of 10 m length with 20 cm interplant distance, in the experimental fi eld of Gorgan Cotton Research Center of Iran, according to a completely randomized design (CRD) with 3 replications. Cytology -For cytogenetical studies, fi fty fl ower buds were collected randomly from 10 randomly selected plants of each parental genotypes the total collection 50 × 10 × 4 = 2000. Squash technique used and pollen fertility test followed the earlier report (SHEIDAI and DEZFULIAN 2008) . Cytogenetic differences of the cultivars were checked by χ 2 test performed on chromosome pairing and chiasma frequency as well as by Principal Components Analysis (PCA) plot (SHEIDAI and DEZFULIAN 2008) . RAPD analysis -Thirty decamer RAPD primers of Operon technology (Alameda, Canada) belonging to OPA, OPH sets were used in molecular study of the wild olives. DNA extraction was done by using the CTAB method (MURRY and TOMPSON 1980) with modifi cation described by DE LA ROSA et al. (2002) . The PCR reaction mixture consisted of 1 ng template DNA, 1 x PCR buffer (10 mM Tris-HCL pH 8.8, 250 mM KCL), 200 µM dNTPs, 0.80 µM 10-base random primers and 1 unit of Taq polymerase, in a total volume of 25 µl. DNA amplifi cation was performed on a palm cycler GP-001 (Corbet, Australia). Template DNA was initially denatured at 92 0 C for 3 min, followed by 35 cycles of PCR amplifi cation under the following parameters: denaturation for 1 min at 92 0 C, primer annealing for 1 min at 36 0 C and primer extension for 2 min at 72 0 C. A fi nal incubation for 10 min at 72 0 C was performed to ensure that the primer extension reaction proceeded to completion. The PCR amplifi ed products were separated by electrophoresis on a 2% agarose gels using 0.5 X TBE buffer (44.5 Mm Tris/Borate, 0.5 Mm EDTA, pH 8.0) or 6% polyacrylamide gels. The gels were stained with ethidium bromide and visualized under UV light (SAMBROOK et al. 2001) . A 100 bp DNA ladder (GeneRuler, Fermentas) was used as the molecular standard in order to confi rm the appropriate RAPD markers. These markers were named by primer origin, followed with the primer number and the size of amplifi ed products in base pairs.
RAPD bands were treated as binary characters and coded accordingly (presence =1, absence = 0). Jaccard similarity as well as Nei , s genetic distance (NEI, 1972) was determined among the cultivars studied and used for grouping of the genotypes by UPGMA (Unweighted Paired Group with Arithmetic Average) and NJ (Neighbor Joining) clustering methods and ordination based on principal coordinate analysis (PCO) (PODANI 2000; WEISING et al. 2005) . The fi t of dendrograms obtained were checked by bootstrapping using 100 replications. Bayesian clustering was also performed on RAPD data by using Markov chain Monte Carlo (MCMC) method (HALL 2001; WEISING et al. 2005) . SPSS Ver. 9 (1998) was used for χ 2 test, NTSYS Ver. 2.02 (1998), DARwin ver. 5 (2008) and PAUP ver. 4. b10 (2000) was used for clustering and PCO analyses. Bayesian clustering was performed by MrBayes ver. 3.1 (2005) .
RESULTS

Chiasma frequency and chromosome pairing -
The cytogenetic characteristics of the parental genotypes including chiasma frequency and distribution as well as chromosome pairing are presented in Table I . The highest value of total chiasmata occurred in the cultivar Siokra (52.00) while the lowest value occurred in the cultivar Tabladilla (34.00). The highest value of terminal chiasmata occurred in the cultivar Siokra (52.00) while the lowest value occurred in Sahel (35.18). The highest value of intercalary chiasmata occurred in the cultivar Sahel (2.90) while the cultivars Siokra showed no intercalary chiasma formation ( Table 1) .
The cotton parental genotypes studied formed mainly ring or rod bivalents in metaphase of meiosis-I (Figs. 1A, 1 B) , However one to few univalents and quadrivalents were also formed (Figs. 1C, 1D). Adjacent quadrivalents were formed in Siokra, while alternate quadrivalents due to A-A or D-D heterozygote translocations occurred in Tabladilla. χ 2 test performed on chromosome pairing and chiasma frequency revealed a significant difference among the cultivars studied for almost all meiotic characters (p<0.05) and PCA plot of the parental genotypes based on cytogenetic data separated these genotypes from each other (Fig. 2) . RAPD analysis -Out of 30 primers used 22 primers produced reproducible bands (Fig. 3) . In total 387 bands (loci) were obtained out of which 178 bands were polymorph and only 209 bands were common in wild cotton cultivars studied.
Among primers used OPB20 and OPM11 produced the highest number of bands (27 & 26 respectively), while primers OPI16 and OPC10 produced the lowest number of bands (9 & 10 respectively, Fig. 4 ). Primer OPC09 produced the highest number of unique bands (8, Fig. 4) while some of the primers produced no unique band at all.
Some of the cultivars showed the presence of specifi c bands, for example band no. 13 (1550 bp), of the primer OPM011 was specifi c for the hybrid cultivar Nazilli X Tabladilla, band No. 1 (700 bp) of the primer OPB07 was specifi c for the hybrid cultivar Siokra X Tabladilla, band no. two of the primer OPH07 (320 bp) was specifi c for the cultivar Nazilli while band No. 5 of the same primer occurred only in the cultivar Tabladilla.
Some bands were present only in two genotypes, for example band No. 4 (480 bp) of the primer OPM1 occurred in the hybrid cultivars of Sahel X Nazilli (Fig. 5) and Sahel X Tabladilla; band No. 9 (1180 bp) of the same primer occurred in the parental genotypes of Sahel and Siokra. Some bands were present in all except one genotype, for example bands N0. 5-7, 14, 15, 17, 21 & 22 (750, 800, 1000, 1600, 1750, 1950 , 2800 & 3000 bp respectively) of the primer OPM11 were absent only in the hybrid cultivar Siokra X Tabladilla. Band No. 6 (1100 bp) of the primer OPH19 was absent only in the hybrid cultivar Nazilli X Tabladilla while, bands No. 9 and 12 of the same primer (1350 & 1750 bp respectively) were absent only in the hybrid cultivar Siokra X Tabladilla.
Some bands were absent in the parental genotypes but present in their hybrids (Fig. 5) . For example bands No. 9 and 11 of the primer OPA-11 (2200 & 2900 bp respectively) occurred in the hybrid cultivar Sahel X Siokra but were absent in its parental genotypes; bands No. 8, 14 and 28 of the primer OPM-11 (1100, 1450 & 2400 bp respectively) were present in the hybrid cultivar Siokra X Nazilli but absent in its parental genotypes. Similarly bands No. 4 and 8 of the primer OPM-11 (480 & 1100 bp respectively) were observed in the hybrid cultivar Sahel X Tabladilla but were absent in its parental genotypes. spectively occurred in the Sahel and Tabladilla but absent in their hybrid. Some bands showed codominant inheritance and two different bands which were present in parental genotypes were both present in their hybrid (Fig. 6) .
Different clustering methods (UPGMA, NJ and Bayesian) performed on molecular data produced similar results which was also supported by PCO ordination plot (Figs. 7-9) . In all analysis two parental cultivars of Nazilli and Siokra are grouped together with 100% bootstrap value in NJ dendrogram and 1.00 value of clade credibility (posterior probability) in Bayesian tree. Two hybrid cultivars of Sahel X Siokra and Nazilli X Tabladilla show genetic similarity to these parental cultivars and join them with some distance in both NJ and Bayesian trees.
Two hybrid cultivars of Sahel X Nazilli and Sahel X Tabladilla show close relationship and are placed together in both NJ and Bayesian trees. Two other hybrid cultivars of Nazilli X Tabladilla and Siokra X Tabladilla also show genetic similarity to these cultivars and join them with some distance in both trees obtained.
DISCUSSION
The occurrence of different types of quadrivalents has been considered as an important cytogenetic marker differentiating tetraploid cotton cultivars and also revealing the cultivars genomic differences (MENZEL and BROWN 1978; ENDRIZZI et al. 1984) . The cotton cultivars possessing type I adjacent quadrivalents show high pollen fertility due to the proper chromosomes segregation. Comparatively lower pollen fertility (95.60%) observed in the hybrid cultivar Siokra X 1097 may be due to the occurrence of type II adjacent chromosome orientation as in this type, the chromosomes show duplication/ deletion and form unviable gametes (SYBENGA 1992) . A-D heterozygote translocations with alternate orientation observed in the cultivar Sahel shows proper (balanced) chromosome segregation forming viable gametes. ENDRIZZI et al. (1984) also reported the occurrence of such heterozygote translocations in some of the tetraploid cotton cultivars and considered them as a source of new genetic rearrangements in cotton. The result of PCA plot of meiotic data shows partly the genetic differences of the parental genotypes used in this study while χ 2 test showed signifi cant difference for meiotic characteristics among parental genotypes and among hybrids indicating their genetic differences. Signifi cant difference in chiasma frequency and distribution as well as chromosomes pairing of the cotton cultivars may indicate their genetic differences as variation in chiasma frequency and localization is genetically controlled and has been reported in several plant species and crop plant varieties (REES and JONES 1977) . Such a variation in the species/ populations with he same chromosome number is considered as a means for generating new forms of recombination infl uencing the variability within natural populations in an adaptive way (REES and DALE 1974; REES and JONES 1977) .
The presence of 178 polymorphic bands in cotton cultivars studied indicates the presence of genetic polymorphism in these genotypes which may be used in planning hybridization in cotton. Moreover, the occurrence of specifi c bands only in some of the cultivars (parental genotypes or hybrids) indicates the presence of specifi c loci in the genotypes studied. RAPD molecular markers have been used for revealing genetic diversity among Diploid and tetraploid cotton cultivars. RANA and BHAT (2005) studied genetic diversity among different Indian diploid and tetraploid cotton cultivars by RAPD markers and showed that diploid cultivars show greater genetic diversity than tetraploid cultivars. VAFAI-TABAR et al. (2003) reported 79% average genetic similarity among Indian tetraploid cotton cultivars while, RANA and BHAT (2005) reported 74% average genetic similarity; other studies on tetraploid cotton cultivars outside India reported similar ranges of average genetic similarity (RANA and BHAT 2005) . The present study revealed the average genetic similarity of 50% in tetraploid cotton cultivars of Iran indicating the presence of greater genetic difference among these cultivars.
As stated before there were bands which occurred only in the parental genotypes and also there were bands which were absent in the parental genotypes but present in their hybrids. Since, even single base change at the primer annealing site is manifested as appearance or disappearance of RAPD bands, these bands may indicate the occurrence of genetic changes in the genome of the hybrids either through the loss or rearrangement of some of their nucleotides. Chromosomal crossing over during meiosis may result in loss of primer attachment pair sites in the offspring leading to novel RAPD pattern in the offspring (SMITH et al. 1996) . SUSHIR et al. (2008) carried out cytogenetic and RAPD analysis of F1 and F2 progenies of the interspecifi c cross between Gossypium arboretum X Gossypium anomalum and reported that among nine F2 segregates, F2-1 progeny plants showed one additional band than F1 and F2-5 progeny plant showed the recombination event. On the contrary in plants F2-6 and F2-8 loss of priming sites happened showing that recombination between A and B genomes of G. arboreum and G. anomalum respectively is possible (SUSHIR et al. 2008) .
There have been reports on the codominant inheritance of RAPD markers in crop plants which may be up to 25% of RAPD markers. Such markers may be identifi ed in the hybrids with known parental genotypes and have been correlated with morphological characteristics (CHEN et al. 2004; WANG et al. 2005) . Similarly in the present study some RAPD bands with codominant inheritance could also be identifi ed. Presence of such codominant RAPD markers is useful for hybridization studied in cotton particularly if these markers are linked to agronomic traits, infact YU et al. (1998) identifi ed several Restriction Fragments Length Polymorphism (RFLP), RAPD and Simple Sequence Repeats (SSR) markers linked to fi ber length and other fi ber quality characteristics in cotton.
Close relationship of the hybrid cultivars of Sahel X Nazilli and Sahel X Tabladilla obtained in cluster analyses and PCA plot, may be due to presence of the common parental genotype of Sahel in these cultivars. Similarly relationship observed between hybrid cultivars of Nazilli X Tabladilla and Siokra X Tabladilla to the previously named cultivars is possibly due to presence parental genotypes of Nazilli and Tabladilla in them. These results are in agreement with other studies in which hybrid cotton cultivars are grouped close to the parental genotypes (RANA and BHAT 2005) . RAPD markers have also been used to show the genomic affi nities among cotton species by other workers too (WAJAHATOL-LAH and STEWART 1997; MEHETRE et al. 2004) .
Therefore the present study reveals genetic differences of the cotton parental genotypes as well as F1 hybrids obtained which may be used in further hybridization program and cotton breeding.
